The majority of bacterial promoters are regulated by at least two transcription factors. Many of these promoters are regulated by two activators, with expression being co-dependent on the activity of both activators [l]. At most of these promoters, one of the activators responds to a 'global' regulatory signal whilst the other responds to a 'specific' signal. For example, transcription initiation at the Escherichia coli nu& promoter is induced by oxygen starvation (a global signal, interpreted by the global regulator, FNR) and nitrate ions (a specific metabolic signal, interpreted by NarL). The E. coli nu& promoter is co-dependent on FNR and NarL. We are interested in understanding the mechanisms by which expression from a promoter can be codependent on two activators.
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In recent studies with promoters regulated by single transcription activators, we have demonstrated that direct protein-protein interaction between the activator and RNA polymerase ( N A P ) is essential for transcription activation. A number of studies have shown that RNAP carries two separate contact sites for such activators: one is located in the C-terminal domain of the a-subunit (aCTD) whilst the other is near the C-terminus of the a-subunit (reviewed in [2, 3] ). Most activators that make contact with a bind just upstream of the -35 region, whilst activators that contact a C T D generally bind further upstream. This suggests a simple model to explain co-dependence on two activators, illustrated in Figure 1 , in which one of Abbreviations used: aCTD, aNTD, C-or N-terminal domain of the a-subunit; CRP, cyclic AMP receptor protein; RNAP, RNA polymerase.
the activators makes contact with the RNAP a-subunit and the second activator makes contact with aCTD. Interestingly, in almost all documented cases of promoters co-dependent on two activators, one of the activators binds just upstream of the -35 region and is well placed to contact CJ (recall that the C-terminus of the a-subunit of E. coli RNAF' makes direct contact with the -35 hexamer at promoters). In these cases it is likely that a C T D is displaced upstream of this activator (see [4] for an example). In the 'simultaneous touching' model shown in Figure 1 , we propose that the second activator functions synergically with the first by making simultaneous contact with the displaced aCTD.
Evidence for the 'simultaneous touching' model in Figure 1 has been obtained from experiments using a set of semisynthetic promoters dependent on the E. coli cyclic AMP of the E. coli melR transcription start region (Figure 2 ). This promoter was cloned into a lac expression vector and promoter activity was measured in a number of genetic backgrounds and growth conditions. Our studies showed that the activity of CC( -41.5) was totally dependent on CRP. When a binding site for either a second dimer of CRP (CC) or for FNR (FF) was inserted upstream of the first CRP-binding site (the new site being centred at -90.5), promoter activity was increased 3-5-fold ( Figure 2 ). In control experiments, the insertion of the related LL binding site, which is unable to bind either wild-type CRP or FNR, caused no increase in promoter activity. Further control experiments established that, when bound at -90.5, neither CRP nor FNR was able to activate the promoter in the absence of CRP bound at -41.5. We conclude that, at these promoters, either two CRP dimers or CRP and FNR are acting synergically in transcription activation [6] .
In previous work with CRP-dependent promoters at which the CRP dimer binds to a site centred at -41.5, we characterized the direct contacts made between CRP and RNAP that are essential for promoter activation [5] . Figure 3 illustrates an experiment to investigate the possibility of direct contacts between the upstream bound CRP or FNR and RNAP at the two promoters carrying tandemly bound activators. We have exploited the observation that the single amino acid substitutions H159L in CRP and S73F in FNR interfere with contacts with a C T D [3, 7] . Figure 3(A) shows an experiment to investigate the promoter with tandem bound CRP dimers at -41.5 and -90.5. The upstream CRP-binding site was altered to the control LL sequence, which is not recognized by wild-type CRP. However, CRP carrying the E181V substitution in the DNA-binding-recognition helix is able to bind to the LL sequence [6] , and is able to interact synergically with wild-type CRP bound at -41.5. Figure 3(A) shows that CRP carrying both the E181V and H159L substitutions is unable to give synergic activation. Since the H159L substitution specifically interferes with the activating region of CRP that makes contact with a C T D [3,4], we conclude that CRP bound upstream must be making direct contact with aCTD, and that this contact is responsible for synergic activation of transcription initiation (see Figure 1) .
A similar rationale, illustrated in Figure  3(B) , was used to investigate the promoter dependent on FNR bound at -90.5 and CRP at -41.5. Wild-type FNR bound upstream of CRP results in synergic activation but this synergy is suppressed by the S73F substitution in FNR. Volume 24
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Since this substitution specifically interferes with the FNR activating region that makes contact with aCTD [7] , we conclude that upstream bound FNR must be making a direct contact with a C T D and that this contact is required for synergic activation of transcription initiation (cf. Figure 1 ).
In summary, we have presented clear evidence in favour of the 'simultaneous touching' 
